Introduction 72
Shigellosis is a life-threatening diarrheal infection (dysentery) and is currently a major global 74 burden. Although four species fall into the genus of Shigella, S. sonnei and S. flexneri are now 75 accounting for the most dysentery worldwide while the other two strains S. dysenteriae and S. 76 boydii experience inexplicable absence 1 . Although S. flexneri is the leading cause of endemic 77 shigellosis in developing countries with around 75% episodes, S. sonnei is increasing in many 78 rapidly developing countries due to the improvement of socioeconomic conditions 1,2 . The 79 rapid expansion of S. sonnei have been attributed to a couple of speculative reasons, such as 80 passive immunization caused by Plesiomonas shigelloides and protected niche provided by 81 ubiquitous amoeba species Acanthamoeba castellaniii 2 . In addition, S. sonnei is more capable 82 of incorporating functional virulence factors (VFs) and/or adept at acquiring antibiotic 83 resistance (AR) from other bacteria 1, 3 . Hence, enhanced survival advantages. However, a 84 recent study showed that S. sonnei is not able to use amoebae as a protective host to enhance 85 its environmental survival, which makes the explanation of A. castellaniii protection for S. 86 sonnei expansion compromised 4 . On the other hand, antibiotic resistance is thought to be 87 associated with a fitness cost 5 . Thus, resistance and virulence are historically thought to be 88 negatively correlated 6 . However, recent studies indicated that antibiotic selection pressure and 89 genetic associations could lead to the co-occurrence of resistance and virulence in multiple 90 pathogenic bacteria 7 . 91
92
In this study, we sequenced 12 clinically isolated strains with diverse antibiotic resistance 93 factors and the degree of antibiotic resistance. Genes uniquely associated with sensitive and 106 resistant strains were also studied. Based on these analyses, we could get a better understanding 107 of how virulence and antibiotic resistance are interacted. 108
Results

110
Genome annotation and comparison 112 113
General features of 12 Shigella sonnei genomes are presented in Supplementary Table 1,  114 which include information about resistance profiles to 9 previously mentioned antibiotics, 115 genome size, contigs, coding sequences, and RNAs (tmRNA, tRNA, rRNA). All strains were 116 sensitive to Norfloxacin and most strains were susceptible to Amoxicillin/Clavulanic acid. 117
Genome size ranges from 4.49 Mbps to 4.76Mbps. The number of CDSs ranges from 4328 118 (S13029) to 4646 (S14049). All strains have a single tmRNA coding gene. The number of 119 ribosome RNA (rRNA) and transfer RNA (tRNA) among strains varies slightly with no 120 significant difference. All the genomes were aligned against reference genome S. sonnei G53 121 in circular form via BRIG in terms of distribution of GC content and sequence similarity in 122 Supplementary Figure 1 9 . Absence of large blocks in both sensitive and resistant strains were 123 observed, which requires further investigation for their biological meanings. 124 strains into two distinct groups (Figure 1) Figure 3) . In addition, S13029 is most isolated due to its tight correlation 158 between reduced virulence and resistance loss. 159
160
Further analysis in terms of unique genes associated with sensitive strains or resistant strains 161 were also analysed, which identified 26 genes specifically associated with Shigella sonnei 162 sensitive strains and 39 unique genes with resistant strains (Supplementary Table 2) . 163
Investigation into these genes could shed light on a better understanding of physiological 164 differences between resistant and sensitive S. sonnei strains. Genes with no assigned names are 165 generally hypothetical proteins and will not be considered in this study. 166
167
Discussion 168
169
In this study, 12 newly isolated S. sonnei strains were sequenced and assembled into complete 170 genomes, which were then well annotated and thoroughly analysed. It is generally accepted 171 that antibiotic resistance causes fitness costs such as slow growth rate 10 and virulencewhich drug resistance leads to increased pathogenicity 11 . This study performed a 174 bioinformatics analysis by focusing on the interplays between virulence and resistance based 175 on 12 newly sequenced S. sonnei strains. Through the distribution of functional groups of 176 virulence factors in S. sonnei strains, specific patterns were observed. Nine virulence factor 177 groups were completely absent in all S. sonnei strains while another three groups have equal 178 number of virulence factors in all strains (Table 1) . Thus, their interactions with antibiotic 179 resistance were not considered. As for the rest 19 groups of virulence factors, type 4 pili and 180
T2SS genes are skewedly present in more resistant S. sonnei strains when compared with the 181 two sensitive strains S13029 and S14031. Type 4 pili is a bacterial extracellular appendage 182 essential for attachment to host cells while T2SS is responsible for the secretion of numerous 183 degradative enzymes and toxins for bacterial survival 12 . The reasons for their association with 184 high antibiotic resistance are worthy of further exploration. Considering the versatility of 185 virulence mechanisms, PCA was performed to study the interactions between virulence and 186 resistance. It was clearly shown that completely sensitive strain S13029 and single-resistant 187 strain S14031 are distantly separated from other resistant strains that cluster together 188 (Supplementary Figure 3) . The statistical analysis provided a theoretical support for the view 189 that high virulence is associated with high resistance 11 . However, what the mechanisms are 190 behind this putative relationship is still unclear and requires more efforts to solve the puzzle. 191
On the other hand, pangenome analysis also revealed vast genome heterogenicity within the 193 same strains of S. sonnei according to the identified core and cloud genes (Supplementary 194 Figure 1 ). These cloud genes, more precisely known as strain specific genes, could reveal 195 bacterial characteristics and dynamics, leading to a better understanding of physiological, 196 pathological, and epidemiological features of S. sonnei 13 . In specificity, all unique genes that 197 are respectively associated with sensitive and resistant strains were listed in Supplementary 198 Table 2 . Apparent differences could be observed from the comparisons of these gene functions. Newick tree for 12 Shigella sonnei strains, was generated based on 3893 core genes in each 261 genome by the phylogenomic analysis package FastTree 21 . The tree was then visualized 262 through online webserver interactive Tree of Life (iTOL) while S14031 is only resistant to SMZ. The other ten strains are resistant to at least five out of the nine antibiotics. All the strains were isolated from 4 municipal cities (Nanjing, Suzhou, Wuxi, Zhenjiang) in Jiangsu Province, China, the geographic distribution of which was depicted in the Supplementary Table 1 Comparison of 12 S. sonnei strains based on antibiotic resistance profiles and key genome annotation parameters. The 12 strains were isolated from 4 municipal cities, Nanjing, Suzhou, Wuxi, and Zhenjiang, the economy of which are above the average level of China and are considered the best among Jiangsu province. Antibiotics tested in this study are Amoxicillin/Clavulanic acid (AMC), Ceftiophene (CFT), Cefotaxime (CTX), Gentamicin (GEN), Nalidixic acid (NAL), Norfloxacin (NOR), Tetracycline (TBT), and compound Sulfamethoxazole (SMZ).
* MDR: the total number of multi-drug resistance; Bps: base pairs; CDS: coding sequences; S: sensitive (marked red); R: resistant; I: intermittent. 
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